Abstract
Introduction
Anophelines are the vectors for malarial disease and over the last 10 years the number of malarial cases has been increasing in many areas of the world. More than 2000 million people in some 100 countries now live in areas where there is a definite risk of malaria (Benzerragh, 1991) . In 1988 the number of malarial cases was 18 54 830 and there has been a steady increase ever since reaching a staggering 2099154 cases in 1992 (NMEP Directorate, 1993) . In India and other developing countries, the problem has become all the more demanding with frequent outbreaks of malaria and other mosquitocarrying diseases.
Classification and/or identification of the species of Anopheline mosquitoes is of paramount importance for the planners and administration involved in mosquito control operations. To understand the responsible vector for the outbreak of an epidemic, it is essential to carry out systematic and need-based control operations. For this purpose normally an experienced zoologist/taxonomist is required, who would go systematically through the taxonomic characteristics of the unknown species and try to identify it. In this regard the pictorial key on the taxonomic data for the identification of an unknown Biology Division and 'Computer Centre. IICT. Hyberabad 500007, India species of Anopheline mosquito published by Das et al. (1990) is quite useful. However, these monographs, which describe in detail the identification of an Anopheline species, are quite difficult and time-consuming for a nontaxonomist to follow, hence it is desirable to have a computerized system that could be utilized for the accurate identification of an unknown species. Computers have been successfully exploited for various entomological studies (Reddy et al. 1992 , Murty et al. 1994 .
It was observed from literature that expert systems were found to be quite useful for classification problems (Ross, 1983; Thompson et al, 1986) . By treating the present taxonomic problem of identification of unknown species as a particular case of classification, a study was undertaken to develop a suitable rule-based system for the identification of an unknown species of Anopheline mosquito. The rule-based system so developed is easy to handle even by a novice for the purpose of identification of an unknown species at various levels of control operations.
It would also be interesting to explore the possibility of application of these rule-based systems to new areas of interest relating to taxonomic problems.
Materials and methods

Data utilized
Taxonomic data of the species of Indian Anopheline mosquitoes published by Das et al. (1990) was used in the present study. The Indian Anopheline mosquito species broadly fall into two categories viz. (i) subgenus Anopheline, and (ii) subgenus Cellia.
The species of subgenus Anopheline group are 22 in number and they are further classified into eight subgroups viz. (a) Aitkenii, (b) Asiaticus, (c) Barbirostris, (d) Barianensis, (e) Culciformis, (f) Hyrcanus, (g) Lindesayi, and (h) Umbrosus. The remaining 32 species of subgenus Cellia group, on the other hand, fall into subgroups viz. Annularis, Maculatus, Minimus, etc. In order to identify the species of these subgroups, one has to follow the subtle taxonomic characteristics of the unknown species such as hind femur, wings, head scales, etc., which are normally very time consuming and manually difficult to do.
Rule-based systems based on ID3 algorithm
An expert system is a bunch of computer programs that mimic a human expert (Michaelsen et al., 1985) . Expert systems have been extensively used in chemical analysis problems (Schlieper et al., 1988; Harington et al., 1989) . However, the application of rule-based systems to the problems relating to taxonomic nature have not been attempted and this study is aimed at such an application.
In rule-based systems, knowledge will be extracted in the form of IF..THEN rules (Ross, 1983; Thompson et al., 1986) . The efficiency of the expert system lies in generating a minimum number of rules (Thompson et al, 1986) . To generate a minimum number of rules, ID3 (iterative dichotomiser) algorithm based on the probablistic concepts of entropy is normally employed (Thompson et al., 1986) . Using the ID3 algorithm, one can generate decision trees, which are the starting points for generating the IF..THEN rules.
The objective of a rule-based system is to develop a classification tree or a decision tree consisting of nodes and branches, and this is used for classifying the observations. From the decision tree, a set of IF..THEN rules were derived by following each branch from the root to a terminal node. Each rule is a series of conditions consisting of attribute and value pairs, followed by a single conclusion that contains the class and the corresponding class value (Thompson et al., 1986) . The intermediate nodes and their branches form the conditions of the rules, the terminal nodes form the rules conclusions. By converting these IF..THEN rules into any high level programming language such as FORTRAN, BASIC, PASCAL, etc., it is possible to develop the so-called rule-based system for carrying out classification analysis.
The IF..THEN rules so derived from the algorithm were later translated into QUICK BASIC language statements. Later a completely menu-driven, user-friendly software package called the 'Anopheline rule-based system' was developed for the identification of unknown species of Indian Anopheline mosquitoes.
Results and discussion
The details of the two subgenus groups viz., subgenus Anopheline and subgenus Cellia are presented in Table I . This group are described in Table V . All the IF..THEN rules so obtained are then translated into QUICK BASIC language and a completely menu-driven, user-friendly software package, henceforth called anopheline rule-based system was developed. The rule-based system program, when executed displays the a MAIN MENU and prompts the user to choose one of the three options listed in the MAIN MENU. When any one of these options is selected, say option 1, the subMenu consisting of the taxonomic characteristics of the species is displayed on the screen and again the rule-based system prompts the user to select an option. As soon as the appropriate option is selected, the rulebased system displays the next relevant taxonomic characteristics on the screen and prompts the user to select an appropriate option, thereby helping him to identify the species correctly. This query-answer session will continue until the exact species is identified. Typically for identifying the species Culiciformis, the query-answer session may be as shown below:
Wings entirely without pale markings 2. Wings with pale markings
Enter your option (1 or 2) The user will select option 1. Then the following query will appear on the screen:
1. Hind femur with distinct white knee spot at distal end U.Suryanarayana Mnrty el al. Enter your option (1 or 2) The user will select option 1.
At this stage the user will select option 1 and the rulebased system will immediately identify the species as Culiciformis.
After identifying one species, the rule-based system would prompt the user whether he is interested in identifying another species. If so, he can reply in the affirmative and the rule-based system will carry out the (Tables II-IV ).
-answer session as described above
Conclusions
A novel rule-based system based on ID3 algorithm is described in detail for the quick identification of an unknown species of Indian anopheline mosquito. The rule-based system was found to yield 100% accurate results for the identification of the unknown species. The rule-based system developed in QUICK BASIC language is completely menu-driven and user-friendly and even a novice can identify the unknown specie of mosquitoes by answering few questions on the computer monitor in a query-answer session. These methodologies can easily be extended to other insect species and also to similar taxonomic problems. This rule-based system is expected to be highly useful in mosquito control operations.
